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(54) FUEL CELL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell power 
generating system in which running cost relating to antifreeze § 
operation is reduced. 

SOLUTION: This fuel cell system is equipped with a fuel cell 
4; a cooling water circulation passage 13 for cooling the fuel 
cell 4; a water recovery passage 9 recovering reaction 
product water and moisture in exhaust gas; a mutual 
circulation passage 17 circulating between the water 
recovery passage 9 and the cooling water circulation passage 
13; a heating means 14 installed in either one of the cooling 
water circulation passage 13, the water recovery passage 9, 
and the mutual circulation passage 17; a freezing prevention 
temperature detecting means 20; and a control device 2 1 . 
and when the freezing prevention, temperature detecting 
means 20 detects temperatures of a threshold value or less, 
freezing preventing operation is performed, the cooling water 
circulation passage 13 and the mutual circulation passage 17 
are operated for circulation, and the heating means 14 is 
operated to prevent the freezing of water in the cooling 

water circulation passage 13, the water recovery passage 9, and the mutual circulation passage 17, 




* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A fuel cell, a cooiing-water-flow course which performs cooling of said fuel cell, and a water 
recovery course which collects moisture in produced water and exhaust gas, A mutual circulating 
course which circulates between said water recovery course and said coo ling- water-flow courses, A 
heating method provided in said mutual said cooling- water-flow course, said water recovery course, 
or circulating course, A fuel cell system which circulates water within said cooling~water-flow course, 
and water within said mutual circulating course, respectively, and operates said heating method as 
anti-freeze operation when it has a temperature detecting means and said temperature detecting 
means detects temperature below a threshold value. 

[Claim 2]The fuel cell system according to claim 1 used also [ temperature rising device / to which 
said heating method is established in said cooling-water— flow course, and temperature up of the 
temperature of said fuel cell is carried out at the time of a system startup ]. 

[Claim 3]The fuel cell system according to claim 1 used also [ heat exchange apparatus / which said 
heating method is established in said cooling-water-ffow course, and performs exhaust heat recovery 
of said fuel cell ]. 

[Claim 4]A hot-water— storing circulating course for a hot water reservoir tank in which collected 
exhaust heat is stored as warm water, and water picked out from said hot water reservoir tank to 
return to a hot water reservoir tank via said heat exchanger, The fuel cell system according to claim 
3 which is provided with a hot-water-storing circulation system for circulating water within said hot- 
water-storing circulating course, and operates said hot-water-storing circulation system in said anti- 
freeze operation. 

[Claim 5]In [ in exhaust heat recovery of said fuel cell take out water from the lower part of said hot 

water reservoir tank, return water heated with said heat exchange apparatus to the upper part of said 

hot water reservoir tank, and ] said anti-freeze operation, The fuel ceil system according to claim 4 

which returns water which took out water from the upper part of said hot water reservoir tank, and 

radiated heat with said heat exchange apparatus to the lower part of said hot water reservoir tank. 

[Claim 6]In [ equip said hot-water-storing circulating course of a to / said hot water reservoir tank 

lower part / from a hot water reservoir tank water temperature detector and said heat exchanger / 

said hot water reservoir tank lower part / with a hot— water— storing circulation water temperature 

detector, and ] said anti-freeze operation, The fuel ceil system according to claim 5 which controls — - 

circulating flowing quantity of said hot-water— storing circulation system so that water temperature 

detected with said hot-water-storing circulation water temperature detector turns into below water 

temperature detected with said hot water reservoir tank water temperature, detector. 

[Claim 7]A heat exchanger of bath water heater provided in said hot water reservoir tank and a bath 

circulation route for water taken out from the inside of an organ bath to return via said heat 

exchanger, The fuel cell system according to claim 4 which is provided with a bath circulation system 

for circulating water within a bath circulation route, and operates said bath circulation system in said 

anti-freeze operation. 

[Claim 8]In [ equip said hot water reservoir tank upper part with a bath water temperature detector a 
hot water reservoir tank water temperature detector and near / said / the organ bath of said bath 
circulation route, and ] said anti-freeze operation, The fuel cell system according to claim 7 which 
operates said bath circulation system when water temperature detected with said hot water reservoir 
tank water temperature detector is lower than water temperature detected with said bath water 
temperature detector. 

[Claim 9]As said anti-freeze operation, when said temperature detecting means detects temperature 
below the first threshold value, said heating method is operated, The fuel cell system according to 
any one of claims 1 to 8 controlled to perform only circulating movement of said cooling-water-flow 



course and said mutual circulating course, without operating said heating method when said 
temperature detecting means detects temperature beyond the first threshold value below with the 
second threshold value. 

[Claim 10]The fuel cell system according to any one of claims 1 to 9 attached to a position as for 
which said temperature detecting means becomes [ water temperature within each course ] the 
lowest. 

[Claim 1 l]The fuel according to any one of claims 1 to 9 attached to a position from 

which said temperature detecting means detects outside air temperature. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the antMreeze of the water course of a fuel cell 

system. 

[0002] 

[Description of the Prior Art] The conventional fuel cell system was carrying out composition like 
drawing 7 , as shown in JP,1 1 -21 4025A Namely, the fuel cell 53 which the hydrogen supplied from 
the hydrogen feed means 51 and oxygen in the air supplied from the air supply means 52 are made to 
react, and is generated, It had a water cycle means 54 to make the fuel cell 53 circulate through 
water, the power control device 55 which controls the generation output of the fuel cell 53, and the 
temperature sensor 56 and the control device 57 which detect an external temperature. The water 
cycle means 54 comprises the main tank 58, the supply channel 60 which supplies the water in the 
main tank 58 to the hydrogen pole 53a of the fuel cell 53 with the pump 59, and the drainage ditch 61 
which collects the wastewater from the hydrogen pole 53a and the air pole 53b of the fuel cell 53 to 
the main tank 58. 

[0003] Since this conventional fuel cell system is using the fuel cell 53 of the solid polymer form, 
when the fuel cell 53 performs a power generation reaction, it always needs to humidify the hydrogen 
pole 53a of the fuel cell 53, therefore supplies water to the hydrogen pole 53a from the main tank 58. 
The water of the air pole 53b generated by the power generation reaction of the fuel eel! 53 and 
water surplus in the hydrogen pole 53a will be collected from the drainage ditch 61 ? and will circulate 
through between the fuel cell 53 and the main tanks 58. The electric power generated with the fuel 
cell 53 is supplied to the back power load controlled by the power control device 55. 
[00Q4]Betow, operation of anti-freeze operation of this conventional fuel cell system is explained. 
When the temperature sensor 56 detects the temperature below a threshold value, with the control 
device 57, hydrogen and air are supplied to the fuel cell 53 from the hydrogen feed means 51 and the 
air supply means 52, respectively, and the fuel cell 53 generates electricity. Simultaneously, the water 
in the main tank 58 is supplied to the hydrogen pole 53a, and water surplus in the hydrogen pole 53a 
and the water of the air pole 53b generated by the power generation reaction of the fuel cell 53 are 
collected from the drainage ditch 61, and circulate through between the fuel cell 53 and the main 
tanks 58. Since heat is also generated in the power generation reaction of the fuel ceil 53 at this 
time, the water in the main tank 58 which is the water cycle means 54, the supply channel 60, and 
the drainage ditch 61 can prevent freezing beforehand with this heat. 
[0005] 

[Problem to be solved by the invention]However, in order to prevent freezing in the conventional fuel 
cell system, even if there was no demand from power load, generating operation of the fuel eel! 
needed to be performed, the generated electric power brought a result thrown away vainly after all, 
and the problem that a running cost was increased occurred. Especially, in the case of the fuel cell of 
a solid polymer form, since the ratio of the exothermic energy at the time of generating operation and 
power generation energy was close to about 1:1, it needed to supply the energy more than double [ of 
exothermic energy indispensable in order to prevent freezing 1 

[0006]An object of this invention is to provide the fuel cell system which reduced the running cost 
concerning antMreeze operation in consideration of the above-mentioned conventional problem. 
[0007] 

[Means for solving problem]In order to solve an aforementioned problem, the fuel cell system of this 
invention, A fuel cell, the cooling-waterH^ow course which performs cooling of said fuel cell, and the 
water recovery course which collects the moisture in produced water and exhaust gas, The mutual 
circulating course which circulates between said water recovery course and said cooling-wateMlow 



courses, The heating method provided in said mutual said cooling-water-flow course, said water 
recovery course, or circulating course, When it has a temperature detecting means and said 
temperature detecting means becomes the temperature below a threshold value, as anti-freeze 
operation, the water within said cooling-water-flow course and the water within said mutual 
circulating course are circulated, respectively, and said heating method is operated. 
[0008]If said heating method uses also [temperature rising device / to which it is provided in a 
cooling- water-flow course and temperature up of the temperature of a fuel cell is carried out at the 
time of a system startup ], this invention's is effective. 

[000 9] If said heating method uses also [ heat exchange apparatus / which is formed in a cooling- 
water-flow course and performs exhaust heat recovery of a fuel cell 1 this invention's is effective. 
[001 0]A hot water reservoir tank in which, as for this invention, said fuel cell system stores collected 
exhaust heat as warm water further, It has a hot-water-storing circulating course for water picked 
out from said hot water reservoir tank to return to a hot water reservoir tank via said heat 
exchanger, and a hot~ water-storing circulation system for circulating water within said hot-water- 
storing circulating course, and said hot-water-storing circulation system is operated in said anti- 
freeze operation. 

[001 1]In exhaust heat recovery of a fuel cell this invention, It is effective, if water is taken out from 
the lower part of a hot water reservoir tank, water which is said heat exchange apparatus and was 
heated is returned to the upper part of a hot water reservoir tank and water which took out water 
from the upper part of a hot water reservoir tank, and radiated heat with said heat exchange 
apparatus in anti-freeze operation is returned to the tower part of a hot water reservoir tank 
[0012]In [this invention equips said hot-water-storing circulating course of a to / in said fuel cell 
system / the hot water reservoir tank lower part / from a hot water reservoir tank water 
temperature detector and said heat exchanger / said hot water reservoir tank lower part / further 
with a hot-water-storing circulation water temperature detector, and ] anti-freeze operation, It is 
effective, if circulating flowing quantity of a hot-water-storing circulation system is controlled so that 
water temperature detected with a hot-water-storing circulation water temperature detector turns 
into below water temperature detected with a hot water reservoir tank water temperature detector. 
[001 3] A heat exchanger of bath water heater by which said fuel cell system was further provided in 
said hot water reservoir tank as for this invention, It has a bath circulation route for water taken out 
from the inside of an organ bath to return via said heat exchanger, and a bath circulation system for 
circulating water within a bath circulation route, and said bath circulation system is operated in said 
anti-freeze operation. 

[0014]In [ as for this invention, said fuel cell system equips said hot water reservoir tank upper part 
with a bath water temperature detector further a hot water reservoir tank water temperature 
detector and near / said / the organ bath of said bath circulation route, and ] said anti-freeze 
operation, When water temperature detected with said hot water reservoir tank water temperature 
detector is lower than water temperature detected with said bath water temperature detector, it is 
effective if said bath circulation system is operated. 

[0015]As anti-freeze operation, this invention operates a heating method, when a temperature 
detecting means detects temperature below the first threshold value, When a temperature detecting 

- -_nreai*s detects4:einperature beyondJ^eJirstJthreshold- value belo 

is effective if it controls by a control device to perform only circulating movement of a cooling- 
water— flow course and a mutual circulating course, without operating a heating method. 
[0016]This invention is effective if a temperature detecting means is attached to a position as for 
which water temperature within each course becomes the lowest. 

[0017]This invention is effective if a temperature detecting means is attached to the position which 

detects outside air temperature. 

[0018] 

[Mode for carrying out the invention]Hereafter, an embodiment of the invention is described based on 
Drawings. 

[001 9](Embodirnent 1) Drawing 1 is a system configuration figure of the fuel cell system in the 
embodiment of the invention 1. 1 is a reformer made to change into hydeogen- rich gas the raw 
materia! supplied from the feeding means 2 by the reforming reaction by the heat of the burner 3. 4 is 
a fuel cell which the hydeogen— rich gas which is emitted with the reformer 1 and supplied via the 
hydrogen supply course 5, and the air as oxidant gas are made to react, and is generated, and has the 
hydrogen pole 4a and the air pole 4b. 6 is an exhausted hydrogen course which connects the 
hydrogen pole 4a and the burner 3 of the fuel cell 4. 

[0020]The air supply means 7, and the condenser 8 and the water recovery course 9 are connected 



to the air pole 4b of the fuel ceil 4, It is connected to the reformer 1 via the modified water feed 
route 12 which equipped it with the modified water feed unit 11 while the exhaust course 10 was 
connected to the water recovery course 9. 

[0021 ] 1 3 is a cooling-water-flow course which cools heat generated with the fuel cell 4, is provided 
with the heating method 14 and has composition that cooling water circulates through between the 
fuel cell 4 and the heat exchange apparatus 15 with the cooling water pump 16. 17 opened between 
the water recovery course 9 and the cooling-water-flow courses 13 for free passage, is a mutual 
circulating course which circulates water of both courses with the pump 18, and is provided with the 
water depurator 19 by this embodiment 

[0022]20 is a temperature detecting means and 21 is a control device. In order to detect the 
beginning of freezing certainly regardless of the inside and outside of a fuel cell system although you 
may be which part if this temperature detecting means 20 is effective as a place which detects 
temperature for prevention of freezing of water within a course, As for the temperature detecting 
means 20, it is preferred that remains water temperature within each course provides in a position 
which becomes the lowest. According to this embodiment, it is attached to a position which can 
detect water temperature of a lower part within the water recovery course 9. 

[0023]Below, operation in this Embodiment 1 is explained. When performing generating operation, from 
the feeding means 2 r raw materials, such as hydrocarbon, are supplied to the reformer 1, it is heated 
by the burner 3, and by a reforming reaction with water, hydeogen-rich gas is generated and the 
hydrogen pole 4a of the fuel cell 4 is supplied via the hydrogen supply course 5. On the other hand, 
air as oxidant gas is supplied to the air pole 4b of the fuel cell 4 from the air supply means 7. Within 
the fuel cell 4, it generates electricity by making hydrogen supplied to the hydrogen pole 4a, and 
oxygen in the air supplied to the air pole 4b react. Although a great portion of hydrogen is consumed 
by reaction in the hydrogen pole 4a of the fuel cell 4, exhausted hydrogen which was not used for a 
reaction is supplied to the burner 3 from the exhausted hydrogen course 6 r and is used as heating 
fuel of a reforming reaction. 

[0024]The produced water of hydrogen and oxygen which were generated in the air pole 4b of the 
fuel eel! 4 serves as a steam, is discharged with air, condenses moisture with the condenser 8, and is 
collected by the water recovery course 9. The air from which moisture was separated is discharged 
from the exhaust course 10 outside, and by the modified water feed unit . 11 of the modified water 
feed route 12, the water collected in the water recovery course 9 is supplied to the reformer 1, and 
is used as a raw material of a reforming reaction. 

[0025]The electric power generated with the fuel cell 4 is supplied to power loads, such as a home. 
On the other hand, by the hydrologic cycle within the cooling^water-flow course 13 by the cooling 
water pump 1 6, the heat generated in the power generation reaction of the fuel cell 4 is told to the 
heat exchange apparatus 1 5, and is supplied as heat sources, such as domestic hot water supply and 
heating. 

[0026]Below, operation of antrfreeze operation in this Embodiment 1 is explained. When there is no 
power generation requirement of the fuel cell 4, the temperature detecting means 20 is below a 
threshold value (a threshold value). When anti-freeze operation detects the temperature in which 
freezing evasion is possible, for example, the temperature of 0 or less, While carrying out 

circulating movement of the cooling water pump 1 6 of the cooling-water-flow course 1 3, and the 

pump 18 of the mutual circulating course 17, respectively, without generating the fuel ceil 4 as anti- 
freeze operation, The heat which operated and generated the heating method 14 is toid to the 
cooling-water-flow course 13, the mutual circulating course 17, and the water recovery course 9, and 
it controls by the control device 21 to prevent freezing of the water within each course. The water 
within the modified water feed route 12 can prevent freezing by measures, like a fall drops on the 
water recovery course 9, when there is no operation of the modified water feed unit 1 1. In this 
Embodiment 1, the mutual circulating course 17 is equipped with the water depurator 19, and it is 
possible to perform not only the mutual circulating course 17 but also the water purification of the 
cooling-waterHlow course 13 or the water recovery course 9 using the circulating movement of the 
mutual circulating course 17. 

[0027]Thus, in anti-freeze operation of this Embodiment 1. Without generating the fuel cell 4, by 
carrying out circulation heating, of the water within all the courses by the one heating method 14, 
freezing of the water within a course can be prevented with the minimum energy, and the running 
cost of a system can be held down. 

[0028](Embodiment 2) Drawing 2 is a system configuration figure of the fuel cell system in the 
embodiment of the invention 2. About the same thing as Embodiment 1, identical codes are given and 
the explanation is omitted. 22 is the temperature rising device which made the heating method 14 



serve a double purpose, and is equipped with the heater 24 into the tank 23, 

[G029]The temperature rising device 22 is what carries out temperature up to a temperature required 
in order that the water within the cooling water route 13 may be heated by energization of the heater 
24 at the time of a system startup and the fuel cell 4 may react, Also when performing anti-freeze 
operation, by energization of this heater 24, a role of the heating method 14 in Embodiment 1 is 
played. That is, an initial cost can be made inexpensive, without newly because of anti-freeze adding 
parts by using the heating method 14 also [temperature rising device / 22 J 
[0030](Embodiment 3) Drawing 3 is a system configuration figure of a fuel cell system in the 
embodiment of the invention 3. About the same thing as Embodiment 1, identical codes are given and 
the explanation is omitted. 15 is the heat exchange apparatus which made the heating method 14 
serve a double purpose. 

[0031]ln order to use for domestic hot water supply, heating, etc. heat generated in a power 
generation reaction of the fuel cell 4, the heat exchange apparatus 15, When telling heat of the 
cooling~water-flow course 13 to alternative pathway, performing exhaust heat recovery and 
performing anti-freeze operation, a role of the heating method 14 in Embodiment 1 is played by telling 
heat from alternative pathway to the cooling— water-flow course 13 conversely. That is, an initial cost 
can be made inexpensive, without newly because of anti-freeze adding parts by using the heating 
method 14 also [ heat exchange apparatus / 15 ]. 

[0032](Embodiment 4) Drawing 4 is a system configuration figure of a fuel cell system in the 
embodiment of the invention 4. About the same thing as Embodiment 3, identical codes are given and 
the explanation is omitted. 31 is the hot- water— storing circulating course which was connected to the 
heat exchange apparatus 1 5 and provided with the hot water reservoir tank 32 and the hot-water- 
storing circulation system 33. 

[0033] In this Embodiment 4, one side of the hot-water-storing circulating course 31 is connected to 
the lower part of the hot water reservoir tank 32, and another side is connected to the upper part of 
the hot water reservoir tank 32, 

[0034]ln this Embodiment 4, the hot water reservoir tank water temperature detector 34 is formed in 
the hot water reservoir tank 32 lower part, and the hot-water-storing circulation water temperature 
detector 35 is formed near the connection with the hot water reservoir tank 32 lower part of the 
hot-water-storing circulating course 31, 

[0035]This Embodiment 4 shows concretely alternative pathway for hot water supply of fuel cell 4 
generating heat in Embodiment 3, and heating use as the hot-water-storing circulating course 31. 
That is, heat generated in a power generation reaction of the fuel cell 4 is told to the hot-water- 
storing circulating course 31 via the heat exchange apparatus 15 by a hydrologic cycle within the 
cooling-water— flow course 13 by the cooling water pump 16. in the hot-water-storing circulating 
course 31, after drawing water of the lower part of the hot water reservoir tank 32 in the heat 
exchange apparatus 15 and heating it with the hot-water-storing circulation system 33, it returns to 
the upper part of the hot water reservoir tank 32, and in the hot water reservoir tank 32, hot warm 
water is gradually stored from the upper part. This stored warm water is used for hot water supply, 
heating, etc. at home etc. 

[0036]Below, operation of anti-freeze operation in this Embodiment 4 is explained. When there is no 

, -™_ power generation-requirement of- 1^ 

threshold value (a threshold value). When anti-freeze operation detects temperature in which freezing 
evasion is possible, for example, temperature of 0 ** or less, First, a case where exhaust heat 
recovery is performed, and an opposite direction are made to circulate through water within the hot- 
water-storing circulating course 31 with the hot-water-storing circulation system 33, and after 
drawing hot warm water of the hot water reservoir tank 32 upper part in the heat exchange apparatus 
15 and radiating heat, it returns to the hot water reservoir tank 32 lower part Next, circulating 
movement of the cooling water pump 16 of the cooling- water-flow course 13 and the pump 18 of the 
mutual circulating course 17 is carried out, respectively, Heat received from the heat exchange 
apparatus 15 is told to the cooling-water— flow course 13, the mutual circulating course 17, and the 
water recovery course 9, and it controls by the control device 21 to prevent freezing of water within 
each course. 

[0037]Thus, in anti-freeze operation of this Embodiment 4, the running cost of a system can be held 
down by using the heat of the warm water already stored in the hot water reservoir tank 32, without 
generating the fuel cell 4. 

[0038]When performing anti-freeze operation using the heat of the warm water currently stored in 
the hot water reservoir tank 32, it is desirable to lessen the amount of the warm water used in the 
hot water reservoir tank 32 as much as possible. So, in this Embodiment 4, the circulating flowing 



quantity of the hot-water-storing circulation system 33 can be extracted as the water temperature 
detected with the hot-water-storing circulation water temperature detector 35 is equivalent to the 
water temperature detected with the hot water reservoir tank water temperature detector 34 or 
becomes below equivalent, and the amount of the warm water used in the hot water reservoir tank 32 
can be stopped to the minimum. 

[0039](Embodiment 5) Drawing 5 is a system configuration figure of the fuel cell system in the 
embodiment of the invention 5, About the same thing as Embodiment 4 T identical codes are given and 
the explanation is omitted. 41 is the heat exchanger of bath water heater provided in the hot water 
reservoir tank 32, and is connected to the organ bath 44 via the bath circulation route 43 provided 
with the bath circulation system 42. 

[0Q40]In this Embodiment 5, the hot water reservoir tank water temperature detector 45 is formed in 
the hot water reservoir tank 32 upper part, and the bath water temperature detector 46 is formed in 
about 44 organ bath of the bath circulation route 43. 

[0041]Below, operation in this Embodiment 5 is explained. Heat generated in a power generation 
reaction of the fuel cell 4 is told to the hot - water— storing circulating course 31 via the heat exchange 
apparatus 15 by a hydrologic cycle within the cooling-water-flow course 13 by the cooling water 
pump 16. In the hot-water-storing circulating course 31, after drawing water of the lower part of the 
hot water reservoir tank 32 in the heat exchange apparatus 15 and heating it with the hot-water- 
storing circulation system 33, it returns to the upper part of the hot water reservoir tank 32, and in 
the hot water reservoir tank 32, hot warm water is gradually stored from the upper part. When heating 
water in the organ bath 44, the bath circulation system 42 is operated, water within the bath 
circulation route 43 is circulated, heat exchange of the heat of warm water stored in the hot water 
reservoir tank 32 is carried out by the heat exchanger of bath water heater 41, and it tells to water in 
the organ bath 44 via the bath circulation route 43. 

[0042] Below, operation of antifreeze operation in this Embodiment 5 is explained. While there is no 
power generation requirement of the fuel cell 4 and a bath is not used, the temperature detecting 
means 20 is below a threshold value (a threshold value). When antMreeze operation detects 
temperature in which freezing evasion is possible, for example, temperature of 0 ** or less, First, a 
case where exhaust heat recovery is performed, and an opposite direction are made to circulate 
through water within the hot-water— storing circulating course 31 with the hot-water-storing 
circulation system 33 T and after drawing hot warm water of the hot water reservoir tank 32 upper 
part in the heat exchange apparatus 15 and radiating heat, it returns to the hot water reservoir tank 
32 lower part. When water temperature detected with the hot water reservoir tank water temperature 
detector 45 is lower than water temperature detected with the bath water temperature detector 46 
at this time, it heats by operating the bath circulation system 43 and telling heat of the remaining hot 
water in the organ bath 44 to the hot water reservoir tank 32 via the heat exchanger of bath water 
heater 41. Next, circulating movement of the cooling water pump 16 of the cooling-water-flow course 
13 and the pump 18 of the mutual circulating course 17 is carried out, respectively, Heat received 
from the heat exchange apparatus 15 is told to the cooiing-waterHlow course 13, the mutual 
circulating course 17, and the water recovery course 9, and it controls by the control device 21 to 
prevent freezing of water within each course. 

down by transmitting the heat of the remaining hot water of the organ bath 44 via the hot water 
reservoir tank 32, without generating the fuel cell 4. 

[0044](Embodirnent 6) Drawing 6 is a system configuration figure of the fuel cell system in the 
embodiment of the invention 6. About the same thing as Embodiment 1, identical codes are given and 
the explanation is omitted, 20 is the temperature detecting means attached to the position which 
detects outside air temperature. 

[0045]ln order to prevent freezing of the water within a course, water temperature should just detect 
most the temperature of the portion which becomes low, but since the portions to which water 
temperature becomes low most depending on conditions may differ, it is necessary to establish two 
or more temperature detecting means 20. So, according to this embodiment, by detecting outside air 
temperature, freezing can be certainly prevented by the one temperature detecting means 20, and 
cost can be made inexpensive. 

[0046](Embodiment 7) The fuel cell system in the embodiment of the invention 7 is explained using 
drawing 1 . The explanation is omitted about the same thing as Embodiment 1. 

[0047]When performing anti-freeze operation, the control device 21 has two threshold values, and the 
temperature detecting means 20 The temperature below the first threshold value, For example, when 
the temperature not more than -5 ** is detected, while carrying out circulating movement of the 



cooling water pump 16 of the cooling-water^low course 13, and the pump 18 of the mutual 
circulating course 17, respectively, The heat which operated and generated the heating method 14 is 
told to the cooling-water-flow course 13, the mutual circulating course 17, and the water recovery 
course 9, and freezing of the water within each course is prevented. When the temperature detecting 
means 20 detects the temperature beyond the first threshold value below with the second threshold 
value and detects the temperature beyond -5 ** below 0 **, it is controlled by the control device 21 
to perform only circulating movement of the cooling-water-flow course 13 and the mutual circulating 
course 17, without operating the heating method 14. 

[0048] If this is about 0 ** — 5 ** even if water temperature becomes below the freezing point for 
example, it is because it is possible to prevent freezing only by a hydrologic cycle even if it does not 
heat- That is 7 by this control method, since heating energy is not needed as anti-freeze operation 
when temperature is comparatively high, the running cost of a system can be held down further 
[0049] 

[Effect of the Invention]This invention can prevent freezing of the water within a course with the 
minimum energy, without'generating a fuel cell, and does so the effect of holding down the running 
cost of a system. 

[0050]This invention can make an initial cost inexpensive, without newly because of anti-freeze 
adding parts. 

[0051]This invention can stop the amount of the warm water used in a hot water reservoir tank to 
the minimum while being able to hold down the running cost of a system by using the heat of the 
warm water currently stored in the hot water reservoir tank 

[0052]This invention can hold down the running cost of a system by transmitting the heat of the 
remaining hot water of an organ bath via a hot water reservoir tank. 

[0053]This invention can prevent freezing certainly by one temperature detecting means, and does so 
the effect of making cost inexpensive. 
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[Drgwin g 7] [T h e system configuration figure of the conventional fuel cell system 
[Explanations of letters or numerals] 
4 Fuel cell 

9 Water recovery course 

13 Cooling-water-flow course 

14 Heating method 

15 Heat exchange apparatus 
17 Mutual circulating course 

20 Temperature detecting means 

21 Control device 

22 Temperature rising device 

31 Hot-water-storing circulating course 

32 Hot water reservoir tank 

33 Hot-water— storing circulation system 

34 Hot water reservoir tank water temperature detector 

35 Hot-water^storing circulation water temperature det ector 

41 Heat exchanger of bath water heater 

42 Bath circulation system 

43 Bath circulation route 

44 Organ bath 

45 Hot water reservoir tank water temperature detector 

46 Bath water temperature detector 
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